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Field Environmental Survey - Method and Practice

Sultanate of Oman enjoys hugely diverse natural wealth including plants, wild animals, birds, reptiles and
marine life featuring a wide range of species and varieties. There is a correlation between this stunning
diversity and the exquisite and contrasting landscapes that characterize Oman in terms of its varying topo-
graphic features and climatic conditions matched by no other country on the planet.

Despite the countless studies and researches conducted on Oman’s biodiversity and natural treasures,
there is wider variety of animal and plant species that have yet to be explored and identified. We do not
know much about their survival and breeding in their natural habitats as almost all surveys and studies con-
ducted in the past were largely theoretical or, at best, drew from previous studies. This means that the data
and information documented directly from the natural habitats were almost nil.

As result, the NFRCEC stepped in to fill the gap and explore the biodiversity within the natural habitats of
wildlife population and record behavior, activity patterns, breeding of animals and plants and the range of
challenges commonly faced by wildlife. This task, no doubt, involves a lot of difficulties, risks, efforts and
hardships but the payoff is immensely precious - scientifically, financially and in terms of planning policies.

The NFRCEC research teams ventured into the Al-Hajar Mountain range which is home to a surprising
amount of wildlife with a compelling sense of exploration and discovery. The team exploration approach
used an environmentally sound method - fieldwork - aided by advanced technological tools such as hid-
den cameras, smart tracking devices, animal traps as well as survey of the local flora and birds. They col-
lected a trophy of valuable information including photographic evidence, video clips and elaborate data
on animal activities and behaviors. This data will serve as a solid ground for future planning policies and

further studies whether conducted by the Center or beyond.

This book discusses the scientific approach in field research, its tools, importance and safety
concerns showcasing first-hand examples gathered from the field studies in Al-Hajar Mountain
range. We hope this book will add relevance to the area of scientific research for the benefit of all
aspiring researchers.

Dr Saif bin Rashid al Shagsi
Chief Executive Officer
National Field Research Centre
for Environmental Conservation
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Chairman of the Board



Field Environmental Survey - Method and Practice

Matter of fact, field environmental surveys add important advances to the scientific landscape and enable ac-
cess to otherwise inaccessible information and data based on the fieldwork and they effectively address the
environmental conservation requirements as the researchers embark on studying wildlife within its natural habi-
tat and explore the behavior, breeding and adaptation of the animals and plants within that specific environment.
They also investigate the risks and challenges and propose appropriate solutions.

The data and information collected from fieldwork, besides being credible and authentic, are informative, rich
and immensely helpful in the developmental planning of any habitat where accurate ecological data are avail-
able. They also serve as a solid ground for any research or study that may be conducted in the same habitat and
provide the researchers with the basic necessary tools to carry out their activities. This, in turn, will save a lot of
efforts and money that might be squandered on the core work. Having done that, the researches and studies
are poised to deliver cumulative, sequential and interconnected results.

A field environmental survey, of course, has its own techniques, approaches and devices where organized work
is the key. The process starts with selecting the target site of study, accurate planning followed by the launch
of the study. Safety on the field and teamwork are essential. The teams are divided according to the nature of
the survey beside using the suitable tools for the mission. For example, installation of hidden cameras used for
shooting photos and video clips for animals and monitoring their activities and behavior as well as the deploy-
ment of traps and other survey devices.

Of course, a field surveys is a daunting task and involves grappling with lots of difficulties including, for in-
stance, incursion into deep valleys, climbing lofty mountains, facing the risks posed by predatory animals and
venomous creatures and harsh weather conditions, etc. All these are considered as the most challenges faced
by researchers during their field work.

The National Field Research Centre for Environmental Conservation teamed with Earthwatch environmental
organization has worked actively to achieve its goals in environmental fieldwork in the different sites across
Sultanate of Oman with outstanding results. This book highlights some important aspects of environmental
conservation including models for field surveys substantiated with photos and data.

We hope that this book will be an insightful and valuable contribution to the scientific arena in general and the
environmental landscape, in particular.

Khalid bin Hilal Al Busaidi

Minister of Diwan Of Royal Court
Chairman of the Board of Directors of
the National Field Research Centre for

Environmental Conservation
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CHAPTER 1.

AN INTRODUCTION TO FIELD RESEARCH

Unless you go out and study what’s in the field, you can’t plan for conservation that well. You can
measure how fast forest is being destroyed, you can measure the biomass of grassland, but you
don’t know any details.”

George Schaller

1.1 What is field research

The words “field research’ conjure up images of glorious days spent hiking over mountains or tramping
across deserts, sun hat on, binoculars around the neck and a well-thumbed notebook in the back pocket.
Hot, sweaty, bone tired, but charged somehow with the thrill of discovery and adventure. And indeed, field
research is often all of these things, though rarely as glamorous as people often imagine. While there can
be spectacular moments, such as unexpected wildlife sightings or the sheer joy of being outside, collect-
ing data in the field can also be tough, painstaking, laborious, and often frustrating. Ultimately, it is the vital
contributions ecological field research makes to the conservation of species and ecosystems that moti-
vates researchers to preserve and succeed.

Field research is about studying real life; observing the natural world and figuring out how things work. This
approach is particularly important in ecology and biology, areas of research where we try to understand

the dynamic processes of nature
and how organisms interact with
each other. Such patterns will only
become apparent to researchers
when they spend time observing,
and systematically recording, what
is going on in the natural environ-
ment. The classic components of
scientific research - developing a
research question and hypothesis,
devising a study design, collecting
data, obtaining adequate sample
Being immersed in the natural environment

helps researchers to understand the bigger
picture.



Long days spent hiking in the wilderness make ecological field research an exciting, but sometimes exhausting, career.

sizes, analysing results and coming up with conclusions - are certainly important components of field
research. But what distinguishes field research from other types of studies is that data is collected in the
field. Such immersion in the natural environment allows the researcher to observe what is going on at
many levels, and understand the bigger picture in a way not possible in lab based research. This underlying
connection with the real world makes in-situ field research an essential part of many ecological, environ-
mental and conservation research projects.




1.2 The evolution of field research

Studies of natural history and the environment have evolved greatly in the last century. Early expeditions
focused on collecting specimens and recording species around the world, as naturalists struggled to un-
derstand the vast diversity of living things and the workings of nature. Knowledge of the natural world
slowly built up; the concepts of nature, wilderness, and ecosystems emerged and evolved. There began to
be a shift from viewing nature as something to be exploited for man’s gain to viewing it as a community in
which people were a member. This changing viewpoint was most eloquently expressed by the American
hunter turned naturalist Aldo Leopold. Writing in his landmark work The Sand County Almanac, published
in 1949, he coined the term ‘land ethic’ which as he explained, “enlarge[d] the boundaries of the commu-
nity to include soils, waters, plants, and animals, or collectively: the land”. From this inclusive and holistic
description of an ecosystem, he went on to examine the responsibility which such understand brings: “a
land ethic changes the role of Homo sapiens from conqueror of the land-community to plain member and
citizen of it. It implies respect for his fellow-members, and also respect for the community as such”. With
this change in ethos came increased attention to the impacts which economic development and other
human activities were having on natural ecosystems.

By the 1960’s, concern over these impacts had changed to alarm. Rachel Carson’s seminal work The Silent
Spring, published in 1962 brought the world’s attention to the disastrous effects pesticides were having
on wildlife, particularly birds. Many other biologists and ecologists were also beginning to document how
wildlife populations and natural habitats were shrinking across the globe in response to human activities.
Their concern was perhaps best expressed by Michael Soulé and his colleagues who proposed a new in-
terdisciplinary approach, called conservation biology, which would focus on saving species from human
caused extinction. Soulé termed it a ‘crisis discipline’, to express the urgency that he and his colleagues
felt.

Today there is a widespread recognition of the severity of the threats facing biodiversity and the environ-
ment. Many scientists are gravely aware of their responsibility to apply the knowledge gained through
research to the conservation of species and ecosystems. Field research has become more management
oriented, tackling real world problems directly linked to conservation actions. As we have come to realize
the complexity of conservation, many studies have also become more interdisciplinary, involving research-
ers with different specializations as well as diverse stakeholders including governments and communities.
More recently, the growing threat of climate change has added to the sense of urgency many ecologists,
environmentalists and conservation biologists feel, further increasing the motivation for linking research
with action.



1.2 Methodological and statistical evolutions in field research

Changes in field methodology and statistical ap-
proaches have influenced how field research is
conducted. The development of new technolo-
gies has changed the way data is collected, often
increasing speed and accuracy. In the early days,
field biologists went out into the field equipped
with little more than a field notebook, binoculars
and a good pair of boots; today there is a wide
range of technologies available that make record-
ing data in the field faster, easier, and more accu-
rate.

There are many examples of these technological
innovations. For example, GPS (Global Position-
ing System) units have now largely replaced map
and compass for recording positional data; GPS
units are generally more accurate, less prone to
operator errors, faster to use, and data can be
transferred more easily into software applica-
tions or shared with others. Similarly film cameras
have been replaced by digital cameras, which are
cheaper to operate, allow for a greater volume of
data to be collected, and allow for images to be
processed, archived and shared more easily.

VHF radio telemetry collars which allowed re-
searchers to gain positional data on animals were
revolutionary when they were first used in the late
1960s, but these has now largely been replaced
by GPS collars and tags. With VHF collars, the re-
searcher had to carry an unwieldly antenna and
be close to the animal to receive the signal, but

these newer collars use a built-in GPS to take the
animal’s position, and can even sms the data to
the researcher’s phone or inbox. This has vastly
increased the number of data points researchers
can collect and the area over which animals can
be tracked. Further reductions in the size of data
storage units and improvements in batteries have
meant that tracking units can be used on even
smaller or more widely ranging species than ever
before.

Just as technological innovations have changed
how we collect data in the field, evolutions in sta-
tistical methods have also influenced the kind of
questions researchers can ask and the way data is
analysed. Many of these changes, such as devel-
opments in GIS (Geographic Information System)
and an increasing use of modelling techniques,
have been very applicable to wildlife management
and environmental monitoring.




1.3 Observations in the field: tracks and signs

There are many levels of seeing. Two people go-
ing out into the desert together may have com-
pletely different experiences. One may look to the
horizon and see only an expanse of rolling dunes,
beautiful and pristine but empty of life. The other
may notice the winding tracks of a horned viper,
the recently dug burrow of a Sundevald’s jird, the
scratch marks of beetles and the depression they
made as they rolled a ball of camel dung, or a
nearly buried blue bottle cap left by previous visi-
tors. To the initiated, these signs tell a story, as real
as if the snake, the jird, the beetle and the careless
visitors were standing before us.

Gazelle tracks (Steve Ross).

Arabian tahr tracks (Steve Ross).

Carefully observing tracks and other signs can tell
us a lot about what animals there are in the area.
In much of Oman, aside from domestic goats, an-
imals are rarely spotted. Nevertheless, valuable
data can be collected by carefully studying the
area for signs of their presence.

Tracks may be found in patches of sand or mud; if
these are recent and distinct, the species may be
identified. Even if we cannot identify the species
from the tracks, we will have a better idea of what
groups of species are in the area. Was it a carnivore
or herbivore, snake or lizard? Look around close-
ly - the animal may also have dropped some hair
nearby, perhaps snagged on a bush as it passed.
This can give us further clues about the species.

A small tuft of hair
snagged on a plant
alerts researchers
to the presence of
the Arabian tahr.
(Steve Ross)



Droppings are another excellent sign. The size, shape, placement and quantity of pellets or droppings can

tell us about the species that produced them. with closer investigation can tell you even more about the

animal; if it is a herbivore or a carnivore, what it ate and even something about its digestive system.

Animals may also leave other signs related to their behaviours. In the Hajar Mountains, the Arabian tahr

gouges out pits; freshly dug soil or signs of urine in the pits would be an sign that they have recently been

used and tahr are in the area. Gazelles also use scrapes, but these are shallower than those dug by the tahr,

so the two are easily distinguished from each other.

These distinctive pits are a sign that Arabian tahr are in the
vicinity. (Steve Ross)

The type and condition of vegetation also yields clues
about what is going on in the ecosystem. Are there
browse lines on trees, indicating the presence of goats
or other herbivores? Very short grasses or herba-
ceous plants and the dominance of unpalatable spe-
cies are indications of overgrazing. There may also be
signs that people have been harvesting wood or other
resources, whilst litter may give clues as to who left it
behind.

By looking at these and other clues we can get a gen-
eral understanding of what is going on in the whole
ecosystem. Recording such observations allows us to
use them as qualitative data, or for formulating rele-
vant research questions.

Mountain
Gazelle
scrapes are
shallower
than those
made by
the Arabian
tahr. (Steve
Ross)




CHAPTER 2.

FIELD RESEARCH IN ACTION

Nestled between the Arabian Sea and the dry desert interior, the Hajar Mountains form a 600 km arc
across northern Oman, stretching from the Musandam Peninsula in the north-west to just south of Sur.
This dramatic landscape of sheer rocky cliffs slashed by deep wadis is home to unique communities of
plants, animals and people. Higher rainfall in the mountains compared to the surrounding plains and the
numerous springs has given rise to relatively rich floral communities. Depending on these are a host of
wildlife species, many of which are of conservation importance. A rich culture of oasis agriculture and ani-
mal husbandry, developed through the harnessing of aflaj irrigation, still remains to this day. Field research
being undertaken by various agencies is helping to uncover some of the secrets of these floral, faunal and
human communities, thereby improving our ability to conserve this stupendous natural environment for
future generations. The central questions being asked in these research projects, and the methods used to
answer these questions, are illustrative of the types of investigations tackled by field researchers around
the globe.

The dramatic Hajar Mountains of northern Oman (Steve Ross) NOTE picture 10 or 11 can be used in this space.



2.1 Taxonomic studies of insect and other arthropod communities.

The importance of systematics and natural history for conservation lies in defining the boundaries of
organismic diversity.

Greene & Lobos

If all mankind were to disappear, the world would regenerate back to the rich state of equilibrium
that existed ten thousand years ago. If insects were to vanish, the environment would collapse into
chaos.

E.O. Wilson

The roughly 950,000 species of insects that have been named represent only a small fraction of the total
number likely to exist. Yet, as famed ecologist E.O. Wilson has explained, insects have a profound impact
on our planet. For example, insects affect many ecosystem processes and are vital for plant pollination,
both of wild plants and domesticated crops. Some can become pests, damaging plants and affecting our
food supply, while others can be harnessed as biological control agents. Some insects spread disease;
others have helped us make significant advances in medicine. The sheer biomass of insects make them
an essential component of the food chain. Insects are also often considered indicator species, alerting us
to changes in climate and other environmental conditions which might otherwise go unnoticed. Finally, as
some of the most visual and beautiful aspects of biodiversity, insects contribute to our enjoyment of the

environment.

Insects are a fascinating and beautiful part of the world’s biodiversity. A robber fly (Asilidae sp. devours an Arabian paper wasp (Polistes
watti) (Ruth Kamnitzer): A violet dropwing (Trithemis annulata) awaits its next meal (Ruth Kamnitzer).




Compiling inventories is a common form of entomological study. This is done in order to understand the
breadth of diversity, and what species are found in different areas. In this way we develop a common ref-
erence system for comparing between areas, or looking at changes to insect communities in response to

environmental factors such as climate change.

Entomological studies often begin with collecting specimens (Glyn Barrett).




Case Study: Taxonomic richness of insects and other arthropods in the Hajar Mountains.

The bulk of our knowledge on the insects of the Hajar Mountains comes from Arabia wide collectors
including Bertram Thomas, Michael Gallagher, and others, and the Oman Flora and Fauna Survey in 1975.
Reference collections are found at the Natural History Museums in London, Basel, and elsewhere in Eu-
rope, while an important and growing collection is also housed at Oman’s Natural History Museum in Mus-
cat. Nevertheless, there is still a lot to learn about the diversity of insect and other arthropod communities
in Oman.

To increase our knowledge of the taxonomic diversity amongst insects in the Hajar Mountains, a study was
carried out by the National Field Research Centre for Environmental Conservation (NFRCEC) in collabora-
tion with the Ministry of the Environment and Climate Affairs (MECA) within reserves managed by MECA.

The study began with collecting specimens. A variety
of trapping methods, appropriate for groups found
in different micro-habitats, were used. Ground crawl-
ing insects were captured using pitfall traps. These
are small containers (such as plastic cups) dug into
the ground and filled with water and/or a preserv-
ing/killing solution, so that insects crawling along the
ground fall in and are captured. Vegetation dwelling
insects were sucked up into a collecting jar using an
aspirator (or pooter). In long grass and other vege-
tation a large net was used to sweep back and forth
over the vegetation.

Day flying insects were captured using a malaise
trap, a large tent like structure that intercepts insects
on their flight path and funnels them into a collecting
pot filled with water and preservative. Others were
attracted to pan traps, which are shallow yellow, blue,
and red bowls filled with water and/preservative.

Picture 16: Setting out yellow pan traps to
attract flying insects. (Joe Monks)




In the night, mesh moth traps attracted moths to a strong UV light. Other flying insects like butterflies, drag-
onflies and damselflies were netted opportunistically. These could often be identified from field guides, so
were usually photographed and released unharmed.

Malaise traps are used to capture flying insects
(Glyn Barrett).

Moth traps attract night flying insects to a UV light. (Glyn Barrett)

Butterflies like this salmon arab (Colotis fausta) can be photo-
graphed for later identification and then released unharmed
(Ruth Kamnitzer).

Moths are removed from a light trap using small glass collecting
jars. (Glyn Barrett)




Once captured, most specimens were killed, then dried and mounted or preserved in an ethanol solution.
Luckily, the sheer numbers of insects means that, in general, many individuals can be removed from the
wild without impacting the population. To identify the vast majority of species it is necessary to examine
them under a microscope and compare them with voucher specimens and field guides. If no match can be
found by experts, then a new species is named and voucher specimens lodged in a museum and digitally
archived. In this way a database of insect and other arthropod species found in Oman is being built up.

Specimens can be dried
and mounted or preserved
in an ethanol solution.
(Ruth  Kamnitzer)

High resolution photographs are used
to digitally archive species. This photo
was taken with a Zeiss Stemi micro-
scope with Syncroscopy “QCam” cam-
era and then the AutoMontage software.
(Joe Monks)




Considerations when carrying out entomological research in northern Oman

Northern Oman is an exciting place to conduct entomological research; as the area has not been sampled
extensively, the possibility of discovering a new species is fairly high. Consideration of the hot arid environ-
mental conditions and careful planning with respect to where, when and how to capture insects will help
make the most of a collecting expedition.

In general, there is less of a correlation between vegetative growth and flowering than in temperate areas,
so plant feeding and nectar feeding species cannot necessarily be collected at the same time. The unpre-
dictable rainfall and flowering times of plants means that sampling insects associated with vegetation is
best done opportunistically after rainfall. This can make planning the timing of collection difficult, so re-
maining flexible to changing local conditions, targeting areas of higher plant diversity, or where there are
signs of water, is advisable. Whereas in temperate areas insects can often be found under small stones or
bark where conditions are moist and cool, in the Hajars these areas are too hot for many species; instead,
searching under large rocks where the ground stays cooler is a good idea. A greater emphasis on oppor-
tunistic searching is advised.

The physical environment also presents challenges in setting up and maintaining equipment. Strong winds
and a lack of trees can make anchoring malaise traps and light traps difficult. The many thorny species
can make sweep netting impractical in some areas. In the intense heat and sun, the water in pan and pitfall
traps dries out quickly. Insects also decompose quickly in the heat, so adding a preservative is very useful.

Compared to temperate or wetter areas of the world, the number of overall captures in the Hajars may
seem low. In general, greater effort needs to be put into trapping, with more traps set out and more time
devoted to dedicated searching. However, reminding oneself of the possibility of discovering a new spe-
cies, and of the importance of collecting this type of baseline data, should help keep motivation high.



2.2 Examining wildlife distribution using camera traps.

Knowing a species’ distribution - the geographic area over which it is found - is highly relevant for con-
servation, for a number of reasons. Firstly, the extent and pattern of distribution can affect vulnerability to
extinction. Species which are found in only a small area are more vulnerable to extinction, because any
negative changes to the area, for example, habitat destruction, will put the entire population in jeopardy. If
a species is distributed across a much wider area, it is less likely that negative changes to its habitat will oc-
cur across the entire area. Species with fragmented, unconnected distributions also have high vulnerability
to extinction, as this can result in genetic inbreeding and other problems. Knowing a species’ distribution
therefore helps us to anticipate these types of vulnerabilities and manage accordingly.

Secondly, knowing the distribution of species is
also important because this can help prioritise ar-
eas for conservation. A protected area network
can be planned to include the distribution of a
number of different species, or to target those
which are at risk.  With enough data, distribution
studies can also give us information about which
kind of habitat a species prefers. By comparing
the characteristics of habitats where a species is
found with those areas where it absent, we can
gain tremendous insight into its habitat require-
ments and ecology. Such knowledge feeds into
conservation management helping us to protect
areas that contain the most important habitats.

Species which have a restricted range are more vulnerable to
extinction. The Arabian tahr is only found in the Hajar Mountains,
so Oman bears a special responsibility for its conservation.




Camera trapping

In the last couple of decades camera trapping has emerged as a highly effective method for wildlife re-
search and monitoring. A camera trap is a remotely activated camera, triggered by a motion sensor, heat
sensor or light beam. When an animal passes in front of the camera it activates the trigger, and is ‘captured’
on camera. Camera trap surveys are a good method for studying distribution at a variety of scales. When
used over a large landscape, camera trap surveys can tell us about a species’ geographic distribution, while
more intensive surveys over smaller areas can be used to look at habitat use and local distribution.

Camera traps use a motion or heat sensor to detect passing
animals and ‘capture’ them on a digital photograph or video.
(Steve Ross)

Picture 24: Camera trap
surveys are being used
by researchers around the
world to look at the distri-
bution of different species.
(Steve Ross)



Camera traps have a number of advantages over other methods of studying distribution, such as direct
sighting or sign surveys. As cameras can be left in place for many months, they effectively spend many
nights ‘looking’ for animals, thus amassing large amounts of data. Given the amount of data they can col-
lect, they require relatively little effort, making this a cost and time effective survey method. As they are
inconspicuous, they are particularly good for surveying shy or reclusive species that actively hide from
people and are thus rarely spotted. Because the cameras operate day and night, they are also good at
detecting nocturnal species that are rarely seen. The photos captured provide a tangible, verifiable record
of a species presence, sometimes even allowing researchers to identify individual animals. As an added
benefit, the images or videos obtained can give us fascinating insight into animal behaviour and can help
generate public interest in the species.




Case study: Investigating the distribution of Arabian tahr (Arabitragus jayakari) and other
mammals in the Hajar Mountains using camera traps.

While we have a fairly clear idea of what mammals occur in the Hajar Mountains, we don’t know as much
about the distribution of different species. Arabian tahr, for example, are believed to be patchily distribut-
ed all across the Hajars, but the extent of their range is unknown. Other species like the caracal (Caracal
caracal), Arabian wolf (Canis lupus arabs) and striped hyena (Hyaena hyaena) are believed to be very rare,
as sightings are extremely uncommon. Smaller mammals like Blanford’s fox (Vulpes cana) and red fox
(Vulpes vulpes arabica) are more common, but their habitat preferences, and the degree of their habitat
overlap, is unknown.

To understand the distribution of Arabian tahr and other mammals a camera trapping survey was carried
out across the Hajar Mountains. Difficulties in spotting some species, the low density at which they occur
and their large potential range made camera trapping the most feasible, cost and time effective method
for this survey.

To begin, researchers designed a survey whereby the entire
area would be sampled in a representative manner. To do
this a GIS map of the Hajar Mountains was used to strati-
fy the area into blocks, and peaks were randomly selected
within these blocks. Camera traps were placed in sites that
maximized the chances of photographing an animal (if it
was there). These included ledges and obvious travel paths.
At least three camera traps were set on each peak, securely
fixed to rocks, trees, or bushes. Standardizing the amount of
clear space in front of the camera by clearing vegetation or
rocks helped to make comparisons between camera traps
possible. Habitat variables, such as altitude and slope, were
recorded at each site, while other variables such as proxim-
ity to human settlements, and roads were computed later
using a GIS. These variables were used in analysis to under-
stand tahr habitat preferences.

Camera traps were set on ledges, natural travel paths and other areas
were Arabian tahr and other mammals were likely to pass by.



Camera traps were collected after three to six months and data cards (SD cards) were downloaded onto a
computer. Each image containing an animal was recorded and the data were analysed using an occupancy
survey methodology, to understand distribution. When overlain on a GIS system, these results gave a visual
representation of the likely distribution of tahr and other mammals across the Hajar Mountains. Analysis of
the occupancy data in conjunction with habitat variables allowed researchers to understand which habitats
are most used by tahr and other mammals.

Camera traps were retrieved after three
to six months, and the images down-
loaded to a computer.

Camera traps were securely anchored to rock.

Camera traps were securely anchored to trees.




Considerations when conducting camera trapping surveys in northern Oman.

Conducting a camera trapping survey across the
entire Hajar Mountain range was an exciting but
somewhat daunting project. The Hajar Mountains
span some 600 kms and encompass a total area of
approximately 34,000 km?. Placing a network of
camera traps across this vast area with a reasonable
intensity required a large number traps. Needless
to say, setting - and retrieving - the 334 traps used

during the study took considerable time and effort.

Researchers had to be excellent climbers so to access
the steep cliffs Arabian tahr favour.

Research-
ers often
spent
many
hours hik-
ing in the
mountains
to set
camera
traps.

Furthermore, the Arabian tahr favours the steepest
mountain cliffs; if cameras were to detect tahr, they
had to be placed in these areas. Field staff needed to
have superb rock climbing skills, a high level of fit-
ness and head for heights. To set the cameras in op-
timum locations, researchers also needed to have a
knack for looking carefully at the landscape and pre-
dicting how animals would move through it, so that
cameras could be placed along likely travel paths.
Such observational skills and some prior knowledge
of the target animals’ behaviour is key to a successful
camera trapping study.



To get an accurate picture of mammal distribution across the Hajars, the different habitats within the study
area needed to be sampled representatively, even those that were not expected to contain tahr or other
mammals. In other words, finding out which areas did not contain tahr or other mammals was as important
as finding out which areas did. On occasion, this sampling principle can be difficult to explain to guides or
assistants who instinctively want to lead researchers to places most likely to contain animals. Sticking to
the study design, and overcoming tendencies towards bias were important for obtaining robust results.




2.3 Estimating population size using DISTANCE sampling.

Knowing the population size of a species is important for its conservation and management, because pop-
ulation size affect vulnerability to extinction. We can use the term population size at different scales. On
a global scale we are referring to the total size of the world population, while on a smaller scale we mean
the population size in a smaller defined area or region, or of a sub-population. Knowing the population size
of species at both scales is highly relevant.

On a global scale, species with smaller total population sizes are more vulnerable to extinction, both be-
cause the death of any individuals will have a proportionally larger effect on the entire population, and
genetic problems may be encountered if populations are very small. By comparing population sizes across
time, we can see If a species’ population size is changing; a declining population size is one of the main
criteria used in the International Union for the Conservation of Nature (IUCN) Red List to assign threat
categories.

On a smaller scale, estimating the population size of a species in specific areas, such a geographical re-
gion, a country, a national park or some other area is also important for conservation. This information
can help us to target areas with a high density of the focal species for protection, monitor how population
size is changing over time, or evaluate management strategies. Of course, these smaller scale regional
population estimates feed into global population estimates. The discussion below focuses on estimating
population size in smaller, regional scales.

So how do we estimate population size for wildlife species? Counting all individuals in the entire area of
interest (a ‘total count’) is rarely feasible, as areas are usually too large, and it is difficult to be sure that we
have not missed or double- counted individuals. Instead, researchers generally focus on small portions of
the area, called sample units. Line transects, quadrats, points (for circular plots), or even units of time are
used as sample units. Yet even within these sample units we may miss counting some animals, thus causing
us to underestimate density.



DISTANCE sampling

To increase the accuracy of density and popula-
tion size estimates, a method called DISTANCE
sampling was developed in the 1980’s. The meth-
od uses complex mathematical modelling to take
into account animals that may be missed during
surveys. The DISTANCE software is available for
free online, and is now widely used by researchers
around the world.

The DISTANCE method is based on the idea that
we are more likely to see animals that are close by
compared to those that are farther away. Imagine
that you are walking on along a line transect to sur-
vey domestic goats on the plateau of Jebel Akhdar.
The goats are evenly spread across the landscape.
You will most likely see all the goats that happen
to be exactly on your transect. In fact, as you walk
along, you will probably see all the goats that are
browsing within 5 meters of your transect, but will
miss some of the goats that are 20 meters away
from the transect; perhaps they will be hidden by
a bush. Goats that are 30 meters away will be even
more difficult to see, because there will be even
more bushes and trees in the way.

During a DISTANCE sampling survey, observers
record the distance and sighting angle to all an-
imals seen from the transect line. By looking at
the number of animals seen at different distances
from the observer, the DISTANCE program cal-
culates a variable called the detection probability
- the likelihood of us seeing an animal if it is ac-
tually there, at different distances. This variable is
used in the software for the estimation of popula-
tion density, thus taking into account animals that
may have been missed during the survey. For the
results to be accurate, a number of assumptions
need to be met: that the transects are randomly
placed relative to the distribution of animals; that
animals on the transect line are always detected,;
that distance to the animal is measured at the an-
imals original location (i.e. that it hasn’t moved in
response to the observer); and that all measure-
ments are exact. While it is often difficult to meet
all these assumptions perfectly, there are ways
to deal with some discrepancies, though surveys
should be designed to meet as many of the as-
sumptions as possible.




Case study: Determining the population size of mountain gazelle in Al Saleel National Park
using DISTANCE sampling.

Mountain gazelle (Gazella gazelle) were historically found across most of the Arabian Peninsula, but have
now disappeared from many areas, largely due to hunting. Overall, the population has declined by more
than 30%, and the species is listed as Vulnerable to Extinction by the IUCN. Today, the largest gazelle pop-
ulations are found in Oman, though numbers in the Sultanate have also declined in the last few decades.

Al Saleel Natural Park, in the Sharkiya Governate
near to Al Kamil, was created by Royal Decree in
1997 to protect the sizable mountain gazelle pop-
ulation found in the area. A large tract of Acacia
tortilis woodland and a number of other species
of conservation significance including the Arabian
tahr and Egyptian spiny tailed lizard (Uromastyx
aegyptia) are also found in the park. The reserve is
managed by the Ministry of the Environment and
Climate Affairs (MECA).

Al Saleel Natural Park was created by Royal
Decree in 1997 to protect mountain gazelle.

Knowing the population size of mountain gazelle
within the park would aid management and clarify
the importance of the park in the conservation of
the gazelle on a global scale. The relatively open
terrain found in much of the park and the ecology
of the gazelle population made DISTANCE sam-

pling a good method for estimating population size. DISTANCE sampling surveys were carried out by a
joint team from the NFRCEC and MECA. Surveys were carried out in two consecutive years, so that the
usefulness of the survey method for longer term population monitoring could be evaluated.

A pilot study was first carried out to understand the terrain, the best alignment for the transect lines, and
the likely spotting distance for gazelle. Using this information, researchers laid out a series of transect




lines using Google Earth. These were uploaded into a handheld GPS which was carried by the driver of the

survey vehicle.

During the survey, the vehicle was driven at slow constant speed along the transect, with a minimum of
three observers sitting on the top noting all gazelle observed. A rangefinder and compass were used to
calculate the distance and angle from the observer to the animal, so that the shortest (perpendicular)
distance from the observer (on the vehicle) could be calculated for analysis. As well as the distance and
angle, the number of gazelles in the group and their age and sex were recorded. Mountainous areas were
surveyed on foot, as they could not be accessed by vehicle. Data from the surveys was analysed using
DISTANCE software, and a density estimate was obtained. This was extrapolated to the larger area for an
estimate of the total population size within the reserve.

When a group of gazelle were spotted, observers noted the number
of gazelles, their sex and approximate age (if possible), the GPS
co-ordinate of the observers, the distance (obtained using a range-
finder) and the compass angle to the centre of the group.

A workshop for governmental researchers was conducted on
DISTANCE sampling, to facilitate the use of this survey method
for future monitoring.




Considerations for conducting DISTANCE surveys in Oman

Surveying mountain gazelles in Al Saleel National
Park presented a number of practical challenges
to the research team, many of them common to
DISTANCE surveys around the world. A good un-
derstanding of the survey methodology allowed
researchers to adapt the survey method to the lo-
cal area without violating essential conditions.

One condition of DISTANCE surveys that can be
difficult to satisfy is the requirement that move-
ment of animals is not affected in a systematic
way by the observers (the people conducting the
survey). In other words, the survey technique will
not work well if the animals move away from the
observers before they are spotted. Gazelle do
flee in response to the survey vehicle, but lucki-
ly observers were able to see the animals before,
or when they began, to flee., the position of the
gazelle was measured to where they were first
sighted so that this movement didn’t effect the
survey results. Care was taken that they were
not recounted at another point in the survey; this
was possible as gazelle tended not to move far. In

general, carefully considering the likely response
of the target animals to the survey method is im-
portant during the design phase, so that potential
biases can be avoided.

Ideally, DISTANCE surveys which use line tran-
sects designs are conducted along a series of lin-
ear transects, either randomly or systematically
distributed across the study area. In practice this
is often difficult to do in wilderness areas; driving
off-road may be difficult, environmentally damag-
ing, or prohibited by law. In Al Saleel Natural Park,
crossing the wadi beds that run across the plains
areas from the north-west to south east was not
feasible in the survey vehicle. In order to avoid
these area without compromising the integrity of
the survey design, researchers created a series of
systematic transects to run parallel to these wadi
beds. In this way they were able to come up with
a survey design that was both logistically practical
and allowed the team to cover the whole of the
study area without bias.



In Oman, DISTANCE sampling us-
ing transects is an appropriate sur-
vey method in plains and desert ar-
eas, where driving linear transects
is feasible and there is consistent
visibility. Mountainous areas are
less suitable for this type of sur-
vey because setting transects in
a non-biased manner is more dif-
ficult, and the distance at which
animals can be spotted is less con-
sistent across the terrain. Both like-
lihood of seeing an animal and the
density of the target species in the
area must also be considered when
deciding if this survey method will
yield results with the desired level
of confidence and accuracy. DIS-
TANCE surveys are more suitable
for more common species, such
as gazelle, as it might be difficult
to get enough sightings of rare an-
imals for accurate results. Overall,
the method worked very well for
obtaining a density estimate of ga-
zelle in Al Saleel, and is highly suit-
able as a monitoring method.




2.4 Understanding the relationship between people and their environment using socio-eco-
nomic and land use surveys.

Conservation in the old sense, of this or that resource in isolation from all other resources, is not
enough. Environmental conservation based on ecological knowledge and social understanding is
required.

Raymond Dasmann

Traditionally, conservation has belonged in the realm of science, practiced by biologists and ecologists.
While a scientifically based understanding of the natural world remains essential for the conservation
management of wildlife and ecosystems, there is also a growing awareness of the role that social science
should play in conservation. After all, human actions are the greatest threat to biodiversity all over the
world, therefore humans are an essential part of the solutions. Social science studies can shed light on
the relationships between people and their natural environment, explore the social, political and economic
background to conservation issues, and help us come up with practical, socially acceptable solutions.

One branch of conservation-related social science research which has been receiving increasing attention
of late is the valuation of ecosystems. Examining the goods and services people derive from their natural
environment helps to make their value more explicit. These goods and services may include forage for
livestock, fuelwood, wild foods, medicines, clean water, earnings from tourism activities, and recreational
opportunities. In many cases, policy makers and even the communities themselves may be unaware of
the significant and diverse economic benefits derived from their natural environment, in comparison to
alternative uses. Formal evaluation of economic benefits can strengthen arguments for conservation. So-
cial or religious benefits including recreational opportunities and a sense of well-being are often harder
to quantify or assign monetary value to, but remain extremely important. Again, explicitly stating these
benefits is useful.



Environmental Field Research in Oman:
Research, Conservation and Education

Wild honey is a highly valuable
natural resource.




Case study: Using socio-economic surveys to quantify the utilisation of natural resources
on Jebel Akhdar

Jebel Akhdar has long been a centre of agriculture and settlement, owing to the more benign tempera-
tures and higher rainfall in the mountains compared with the surrounding plains. A wide variety of fruits
and vegetables are grown in irrigated fields, and highly prized rose water is produced for sale. Mountain
pastures also provide grazing for domestic livestock. There have been many social and economic changes
in the Jebel Akhdar region in the past few decades, some of them linked to the tarmac road up to the Jebel
Akhdar plateau which was completed in the early 1980’s. The road has increased access to more distant
markets for agricultural products and allowed residents to travel more easily to paid employment in other
parts of Oman. The opening of the road has also increased tourism development, and Jebel Akhdar now
receives more than 100,000 visitors per year.

The beautiful ju-
niper woodlands
and traditional
villages of Jebel
Akhdar attract
over 100,000
visitors a year.
(Ruth Kamnitzer)




These social and economic changes are also affecting the traditional use of natural resources on Jebel
Akhdar. Furthermore, there is concern over the degraded condition of some natural habitats on Jebel
Akhdar, linked to environmental change. For example, studies have found that climate change is the most
likely underlying cause of the worsening condition of the area’s unique juniper woodlands.

Livestock herding remains an important eco-
nomic activity on Jebel Akhdar.(Alan Roe)

To better understanding how local
people are currently using the natural
environment, a socio-economic and
land use study was conducted by a
team from the NFRCEC, with the sup-
port of other government agencies.
This information is needed if we are to
come up with management strategies
that conserve mountain habitats while
considering the requirements and as-
pirations of local residents.

The study required the systematic collection of data describing and quantifying socio-economic and
land-management activities so that comparisons could be made between different groups and geograph-
ic areas. As in any scientific study, deciding on the sample unit - i.e. whom to survey - is an important part
of the study design. In this case, the household was deemed to be the most appropriate unit, as this is the
primary level for decision making, production and consumption of resources.

Surveying each and every household was impractical given the time and resources available, so research-
ers calculated how many households needed to be surveyed for the desired level of accuracy. Household
were then selected from within the study area in a way that would be representative of the area.




Researchers first introduced the study to the household members, explaining the aims of the research.
Male and female research staff then completed questionnaires on economic activities, resource use and
socio-economic metrics with both the male and female heads of households (where available).

Data was subsequently entered into a Microsoft Access database to faclilitate data retrieval and analysis.
The results were analysed and overlain within a GIS system to gain a spatial idea of when and how natural
resources are being used on Jebel Akhdar. This helps to make the benefits of maintaining a healthy natural

ecosystem to local communities more explicit.

After introducing the research project, researchers completed questionnaires on economic activities, resource use
and socio-economic metrics with heads of households.



Considerations when carrying out socio-economic research in northern Oman

On the whole, Oman is a relatively easy place to conduct socio-economic and land use research: people
are welcoming, helpful and very interested to talk about their lives and experiences with the natural envi-

ronment.

One issue often encountered when conducting socio-economic field research is that some people do not
know much about what research is or how it is conducted. Indeed, in the Hajars, those carrying out the
socio-economic research were often mistaken for surveyors from the Census of Oman, as this was the
closest reference point. Introducing the work that is being done, and explaining the reasons for it is an ex-
tremely important step, both at the household level but also beforehand with district officials. In the Hajars,
local Waliyat authorities were extremely supportive of the work once the researchers had taken the time
to present the proper credentials and explain what they were doing and why.

On a very practical level, because a high proportion of adult males commute weekly out of mountain ar-
eas of northern Oman it is sometimes difficult to find adult men to speak to during the week, so weekend
surveys may be necessary. As well, for the reason of gender balance in sampling, social science research
teams should include both male and female researchers.

In exploring issues of land use, the research team ran into the inevitable problems of communicating lo-
cations and boundaries with local people. People, particularly the older generations generally hold a very
sophisticated knowledge of their environment and what goes on within it. Unfortunately for outsiders
local place names rarely correspond with those in official use and many areas meaningful to local people
have no official designation at all. Once researchers began to pick up local names for areas, locating plac-
es became much easier!
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CHAPTER 3.

INSPIRING THE NEXT GENERATION - FIELD RESEARCH AND EDUCATION

How best to instil in today’s youth a respect for the natural world, an understanding of the need for con-
servation and motivation for action, is a question we all must ask. To raise the next generation of field
researchers and conservationists we must fill today’s youth with curiosity about the natural world, an un-
derstanding of environmental problems and challenges, and the opportunity to develop a deep bond with
nature. With these tools they will then, as they mature into adults, be equipped to ask the right questions
and inspired to relentlessly search for the solutions that will conserve our natural world.

The contribution of Field Research: Environmental educationy
Environmental education was first defined in 1969 as learning

‘aimed at producing a citizenry that is knowledgeable concerning the biophysical environment and
its associated problems, aware of how to solve these problems and motivated to work towards their
solution’.

Stapp, et. al.,

This definition of environmental education has been modified over the years, eventually morphing into the
more current term of ‘education for sustainability’, which places greater stress on action and sustainable
living. Yet at its core, the original definition’s emphasis on knowledge, awareness and motivation to bring
about change remains true.

If we are to raise a generation that is fully equipped to deal with the world’s growing environmental
problems, they will need to be knowledgeable about the natural environment and the issues we face.
Environmental education programmes focused on transmitting knowledge often takes place in a class-
room setting. Students learn about species, ecosystems, biophysical systems and environmental threats
in subjects such as science, physics, geography and environmental management. The human dimensions
of environmental problems can be explored in subjects like history, social science, literature or the arts.
Interpretive exhibits in national parks, natural history museums, zoos, and science centres are another ven-
ue for teaching knowledge about the natural environment. Though educational exhibits in such settings
usually focus on species or environments specific to the local area, there is a growing trend to link such
information about identification and general ecology with threats and conservation.



Environmental education can also focus on
a more direct experience of nature, aimed
at fostering an emotional connection. As the
world becomes more urbanized and techno-
logical devices compete for our children’s
attention, many educators have become
concerned with the decreasing amount of
time children spend outside in nature.

Omani students on NASA’s GLOBE (Global Learning and Observation to Benefit the Environment) programme gain
experience in collecting data on plant distribution while exploring coastal habitats near Yiti during a camp put on by the
Ministry of Education and assisted by scientists from the NFRCEC.

Outdoor education centres, field trips and interpretive programmes organised through national parks
provide opportunities for children (and adults) to have an experiential, hands on learning experience in an
outdoor setting. Learning happens through doing, whether by learning to identify species, participating in
data collection, creative activities or simply discovering the natural world. Such experiences have been
shown to have a lasting effect because learning is made meaningful through tangible examples, and the
immersive nature of the experience creates an emotional connection.

Students from

the Sultan School
explore the unique
Juniper woodlands
of Jebel Akhdar
while on a five day
residential field trip.
(Saieda Rouass)



A storytelling workshop held in Luzugh vil-

lage sponsored by the NFRCEC builds on the
emotional connection children feel with the falaj
environment. (Saeida Rouass)

To be truly effective, environmental
education also needs to cause positive
behavioural change. Once students
have gained knowledge of the natural
environment and its associated prob-
lems, and have developed an emotional
connection or other source of motiva-
tion, they must turn their concerns into
action. In some countries, schools have
focused on change at the local level,
within the school environment. Eco-
clubs or student governments initiate
recycling programs, work to cut energy
usage, or create an organic garden to
make the school environment more en-
vironmentally sustainable. The interna-
tional eco-schools programme, run by
the Foundation for Environmental Edu-
cation, helps students through a certi-
fication programme, which sets out a
clear plan for schools to work towards
sustainability and awards a ‘green flag’
to those who achieve high standards.
Wwithin the wider community, environ-
mental education campaigns promote
energy conservation, recycling and
conservation through NGO’s, news so-
cial media and the internet.




Collecting data on the prevalence of
litter on Jebel Akhdar - and coming up
with solutions to the problem — helps
link learning with action.




The contribution of field research to environmental education

Fundamentally, research is the basis on which
we build scientific knowledge. The contribu-
tion of environmental field research to knowl-
edge building is especially valuable in Oman
and other countries where there has not pre-
viously been as extensive research on the lo-
cal wildlife and ecosystems, as compared with
countries in Europe and North America. In
such countries, teachers may lack information
and materials on local species, ecosystems or
environmental issues. Research projects can
help fill this gap in information when results,
photographs and other outputs are turned
into learning materials. This gives teachers the
opportunity to illustrate larger concepts with
local examples to make learning relevant and
meaningful. For example, the effects of cli-
mate change seem more concerning if stu-
dents learn about the impacts on Oman’s juni-
per woodlands, as opposed to learning about
impacts on polar bears in the Arctic.

Some field researchers are taking advantage
of internet technology to keep students and
others up to date on current research. For ex-
ample, the Environmental Society of Oman
(ESO) publishes regular updates on the loca-
tion of tagged whales on its Facebook page,
and locations of tagged Egyptian vultures are
available on an online blog.

Educational materials produced by the NFRCEC and the
Ministry of the Education on the wildlife of the Hajar Moun-
tains utilise photographs and findings from field research
projects in the Oman. Such locally sourced materials make
learning meaningful and fun.




Pictures 52 & 53: Students from Nizwa University learn how to handle small mammals while contributing to research on
small mammal distribution in the Hajar Mountains with NFRCEC scientists.

NASA’s Globe program actively engages students by asking them to contribute data towards a global
database. Recently there has been an increase of interest in ‘citizen science’, whereby people contribute
data which they collected in their local area towards a larger database, as in the UK’s butterfly monitoring
scheme. Teams of students or volunteers may also participate in research alongside scientists, as in the
Earthwatch programme. Participation at all of these levels gives the public the opportunity to become
directly involved in research, thus making the results more meaningful.



Field research can also contribute to general public education through the media, with the publication of
popular articles, photographs and videos. This type of publicity can be highly effective. After all, people
will try to protect things they find beautiful, special and interesting. As environmental pioneer Rachel Car-
son said, "The more clearly we focus our attention on the wonders and realities of the universe about us,
the less taste we shall have for destruction".

Finally, field researchers can contribute to environmental education by providing role models for young
people. If we are to solve some of the world’s environmental problems we will need today’s brightest
minds. We need to encourage young people to pursue careers in the environmental sciences. Role models,
especially national role models, are important in this area.




CHAPTER 4.

CONCLUSIONS AND FUTURE DIRECTIONS

Now is an exciting time for environmental field research in Oman. While we have, in the past few decades,
begun to learn much about the country’s unique species and diverse environments, even more remains
to be discovered. In science, questions always lead to more questions. As the distributions of mammals
such as the Arabian tahr, mountain gazelle and Blanford’s fox become clearer, we begin to wonder about
details of their ecology. What is the genetic relatedness of Arabian tahr populations? As we document how
development is changing the rural landscape, we begin to wonder about its impact on wildlife. Is the con-
nectivity of habitats being affected by the rapidly developing road network? How are changes in livestock
herding practices affecting the condition of rangelands?

Research projects investigating these and other questions will enhance Oman’s ability to manage its pre-
cious natural treasures. After all, the conservation of species and habitats is most effective when based on
the best available scientific knowledge. Field research is the means by which we gain this knowledge. This
will require dedicated field researchers, young men and women wise enough to know what questions to
ask, tough enough to spend long days painstakingly collecting the data needed to answer those questions,
and devoted enough to turn the answers into action. In the west, many naturalists have lamented a decline
in the amount of hands-on field based training that undergraduates receive. In a thought provoking article
entitled ‘The naturalists are dying off’, famous field biologist Dr. Reed Noss writes:

‘Scientific abstractions and fancy technologies are no substitutes for the wisdom that springs from



knowing the world and its creatures in intimate, loving detail. . . Without a solid grounding in field expe-
rience, conservation biology is hollow. Without years of bug-bitten trudging through hollows and bogs,
how can a biologist be expected to be able to separate biological truth from computer fabrication?

Researchers, biologists, ecologists and conservationist need to maintain an essential connection with the
natural world if they are to be truly effective for conservation. In many places in the world, field research-
ers’ and ‘office researchers’ are seen as distinct entities, one specializing in the field, the other specialising
in computer based analysis; but as Noss remindes us, effective conservation biologists need skills in both
areas. With the proper training, the next generation of Omani conservationist will have both the field and
office skills that Noss advocates.

In Oman, the support of His Majesty, Sultan Qaboos bin Said al Said, for conservation, and the ef-
forts of government departments such as the NFRCEC, MECA and OCE in conducting research and
managing protected areas, is reassuring. Oman’s natural environments are also a source of national
pride. With this kind of support and interest, it is hoped that field research into Oman’s fascinating
species and dramatic landscapes will continue to grow. Education, training and mentoring will play a
large role in encouraging Omanis to choose environmental careers and use their talents to conserve
Oman’s natural environment. The deeper we delve, the more we will uncover. The more we learn,
the more effectively we will be able to conserve. In this way field research feeds into knowledge,
education, and finally, action.
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